This study was designed to provide estimates of the degree to which stress-ulcer susceptibility in the rat is genetically determined; whether that characteristic is a dominant, intermediate, or recessive trait; and how many genie units may be necessary to account for the observed trait variability. Parental populations of Sprague-Dawley rats and animals of the sixth generation of a stress-ulcer-susceptible (SUS) strain were used to produce F 1( F 2 , and B, and B 2 backcross generations. Analyses of the data on the severity of stress-ulcers that developed during 12 hr. of restraint indicated that: (1) over half the variability in stressulcer susceptibility is genetically determined, and (2) susceptibility is incompletely dominant over resistance to stress-ulceration.
O INCE 1957 a series of studies has been conducted dealing with selected behavioral and physiologic characteristics associated with the development of gastric ulceration in the immobilized rat. The method of stressing the animals, the technique for rating the severity of the stress-ulcer, and the interjudge reliability of such ratings have been described in a number of earlier reports. 7 " 10 As part of the larger program, selection pressure for stress-ulcer susceptibility has been maintained for 20 generations with continued increases in susceptibility. The results obtained strongly support the existence of hereditary factor* controlling such susceptibility to gastric ulceration.
Although phenotypic differentiation appeared early during the selection program suggesting a dominant characteristic, the increases in susceptibility to restraint-ulcers observed in subsequent generations suggested that this characteristic is polygenically determined. Specifically, there remained a number of questions concerning (1) the proportion of the phenotypic variance that might be genetically controlled, (2) the dominance or recessiveness of the stressulcer susceptibility, and (3) the number of genie factors that control the observed gastric response to restraint.
Estimates of these several values may be derived from the biometric analysis of the data obtained from 2 inbred parental strains (Pi and Pa), the first and second filial generations (F, and F 2 ), and the first backcross generations (B, and B 2 ). In such a design the F t , B 1% and B 2 generations are the offspring of reciprocal matings; that is, F t is derived from crosses of Pi males X P2 females and Px females X P2 males; Bi is from Fi males X Pi females and Fi females X Pi males; and B 2 from Fi males X P2 females and Fi females X P2 males.
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The complete biometric analysis of the data requires that the characteristic under study (here, stress-ulcer severity) be expressed on a scale that meets 2 major statistical criteria. Mather 8 has described 2 tests for appropriateness of scaling, and both have been discussed and employed in relation to several types of behavioral data.
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The first criterion, that the scale used show the property of additivity, is met if the following relationships hold within sampling errors:
where s 2 is the variance of the sample. If the derived values are not significantly different from zero, an interval in one part of the scale is considered to be of equal value to a similar interval in another section of the scale. 4 The second scaling criterion requires that there be no correlation between means and variances in the 3 nonsegregating populations, P 1; P 2 , and F,. "In practice this second criterion is considered to be satisfied if the variances of Pt, P 2 , and Fi do not differ significantly among each other." 4 Guided by those considerations, the study reported below was designed to provide the necessary data from which to estimate the heritability and the dominance of susceptibility to stress-ulceration, and the minimum number of segregating genie units necessary to account for such susceptibility in the rat.
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Method Subjects
A total of 168 male and 152 female rats were used. The 2 parental strains were Sprague-Dawley animals (P t ) and the sixth generation SUS (P 2 ) animals. The number of animals of each sex in each of the parental strains and crosses are given in Table 1 . The development of the several crosses requires some explanation owing to the fact that only male SUS 8 (P 2 ) rats were used for producing the F 1 and B 2 populations. It has been reported earlier 0 that beginning with the fourth generation, many SUS females had significant difficulty in delivering their pups, as well as a marked disinclination to mother those that were born. This continued to be a serious problem through the ninth generation and persists to some extent at the present time in the twentieth generation. For that reason the F] populaion was produced by matings of male SUSfl by female Sprague-Dawley animals, and B 2 animals were the offspring of male SUS 6 rats mated to F x females. Bj animals were the products of reciprocal F x X Pi matings.
Procedure
When the subjects were between 85 and 90 days of age, each was weighed, observed in an open field for 2 min., and then immobilized in a confining hardware cloth cocoon. After 12 hr. of restraint, all animals were sacrificed, and the stomachs were visually inspected for gastric lesions or erosions. Each stomach was rated on a 5-point scale from 1 (noneroded gastric mucosa) to 5 (severe crater, usually with blood-filled base).
Results
The raw-score data are presented in Table 1 None of the 6 transformations that were Heritability is thus, h 2 = (s 2^ -^Pa)/ attempted resulted in equal variances in « 2 Pj, or in this case, h? = (1.36 -0.56)/ the P 1; F,, and P 2 generations. For this 1.36 = 0.59. On the basis of these data reason the more complete biometric we may estimate that at least 59% of the analyses of these data was not possible, variance in stress-ulcer susceptibility is and we are able to estimate only 2 of genetically determined, the 3 values of interest.
It must be pointed out that this is a PSYCHOSOMATIC MEDICINE minimum estimate of heritability, particularly in view of the assumption that all the variance in the P 2 population was environmental in origin. That the observed P 2 variance was an overestimate of environmental variance is clearly indicated by the fact that stress-ulcer susceptibility has continued to increase in subsequent selected generations.
Dominance
The degree of dominance (D) of a character may be expressed as a ratio of the difference between the means of the Fi population and the midparent (M), and the difference between the mean of the high-valued parental population and M, where M = (P t + P 2 )/2. Thus, for stress-ulcer susceptibility D = (Fi -M)/(P a -M) or D = (3.62 -3.18)/ (4.66 -3.18) = 0.30. This figure indicates that on the raw-score scale that was used, susceptibility to stress-ulcer exhibits partial dominance over resistance to gastric erosion during restraint.
The uncorrectable inequality in variances of die 2 parental and the Fi generations precludes any estimate of the minimum number of genie factors necessary to produce the observed differences between generations.
Discussion
The genetic analysis of the data of this study may be viewed as a first approximation of the mode of genie control of stress-ulcer susceptibility in the rat. Application of the methods of biometric analysis assume a number of conditions not fully met by the data reported here, and a more detailed genetic analysis, based on generation variances, was not possible.
The most important defect of the data reported is the unavailability of Fi and B 2 progeny of matings with SUS females. The clear differential viability of SUS rats that made this expedient necessary VOL XXX, NO. 4, 1968 can reasonably be expected to have introduced at least moderate error into the results that were obtained, since reciprocal matings are assumed. An additional assumption is that the variance observed in the high-valued parental population is entirely due to environmental effects. As noted earlier this condition most certainly was not met, since selection pressure beyond the sixth generation has resulted in further increments in stressulcer susceptibility.
It is unlikely, however, that the unavoidable failure to meet these assumptions has led to overestimates of the heritability or average dominance involved in the genetic transmission of susceptibility to restraint-induced gastric ulceration in the rat.
Brodie and Hanson 3 have reported that incidence and severity of gastric erosions in the rat are positively related to the intensity of the restraint imposed upon the animals when generic background is held constant. The data presented in this paper indicate that the severity of gastric erosion in rats is positively related to the degree of genetic similarity to the restraint-ulcer-susceptible strain when duration of restraint is held constant. If the determination of this particular type of tissue damage is to be understood with greater precision, findings such as these illustrate the importance of taking into account generic and environmental factors, and their interaction.
There are some classes of animals that develop severe gastric lesions under the same environmental conditions that are tolerated well by genetically unselected animals. Similarly, there are environmental conditions so severe that most animals, regardless of genetic background, will sustain tissue damage when exposed to them. The literature concerning experimental gastric lesions in the rat provides, therefore, an example in which the search for a single cause of a tissue damage is obviously futile. Fur-ther, it appears reasonable to anticipate the emergence of more-refined multivariate assessment procedures that may allow a greater proportion of the instances of gastric erosion to be predicted.
Summary
Previous research has demonstrated that when genetic background is held constant the incidence of gastric lesions in rats is positively related to the intensity of the restraint to which the animals are subjected. The results of the present study indicate that when duration of restraint is maintained at a constant level, the incidence and severity of gastric lesions in rats is positively related to the animals' genetic similarity to a selectively bred SUS strain. Analysis of the means and the variance in lesion severity within and between several genetically controlled populations of rats indicates that (1) over half the observed trait variance is due to genetic factors, and (2) susceptibility to restraint-ulcer is an incompletely dominant characteristic.
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